formation, chrome plating, metal ceramics, dyes and paints, different molds used for firing of bricks, and in leather tanning. However, it is known to cause health hazards in living organisms, particularly in people working in leather industries who are exposed to chromium and are prone to develop severe allergic reactions as well as other health issues such as stomach disorders and ulcers, respiratory issues, immune system problems, kidney and liver damage, lung damage, and even death in severe cases [1] [2] .
The rhizosphere is the most active portion of the rootsoil interface where the microbial population participates in different biogeochemical processes [3] . Some bacterial communities are capable of reducing chromium toxicity. These are named as chromium-reducing bacteria (CRB). Among diverse soil microbes, plant growth-promoting bacteria producing plant growth regulators are involved in expediting plant growth in the presence of various metal stresses. Moreover, they have shown excellent results in reducing metal toxicity and promoting plant-growth when used as inoculants. Indole-3-acetic acid (IAA) is an important growth regulator found in plants that promotes growth of the treated plants during development [4] . Among plant-associated bacteria, IAA production is also widespread and is involved in growth promotion of plants by rhizobacterial activity. In fact, growth enhancement is a combination of many factors, but IAA production is a direct mechanism which bacteria adopt for better growth and yield [5] [6] . Since IAA plays a crucial role in the growth promotion of plants and some bacterial cultures are able to produce auxin, this criterion can be used as an important tool for the selection of efficient plant growth promoting bacteria (PGPR). Our current work aims at the use of IAA-producing bacteria for bioremediation purposes, as it is imperative to develop economic and environmental friendly methods to treat Cr (VI) in the industrial wastewater and to reduce the hazardous effects exerted by chromium on human health. In the present work, chromium-resistant bacterial strains with the ability to produce auxin were used for growth stimulation in the absence and presence of chromium.
Experimental Procedures

Screening and Characterization of ChromiumResistant Auxin-Producing Bacteria
Bacterial strains were isolated using contaminated water, plants growing in the vicinity of industries, and soil samples collected from an industrial area in Kasur, Pakistan (Table 1) . Minimum inhibitory concentration (MIC) of chromium for the growth of the isolates was determined using K 2 CrO 4 . Chromium-resistant isolates were then screened for auxin production. Three selected (EIV, 3a, EIII) chromium-resistant auxin-producing bacterial strains were characterized morphologically and physiologically. Colony and cell morphology were observed for morphological characterization. For colony morphology, the isolates were grown on L-Agar plates for 24 hours at 37ºC and the colonies obtained were observed with the naked eye as well as under a stereomicroscope. Colony color, shape, size, margin, elevation, and clarity were recorded [7] . For cell morphology, the bacterial isolates were grown for 24 hours at 37ºC using L-broth medium. This bacterial culture was then used to prepare bacterial smears that were subjected to gram-staining. After gramstaining, the bacterial cells were observed under the microscope using an oil immersion lens, and cell shape, colour, and cell arrangement were observed [7] . Bacterial culture, which was incubated for 24 hours at 37ºC using L-broth, was also used to observe motility of the cells under the microscope though the hanging drop method. Bacterial culture grown for 72 hours at 37ºC using L-broth medium was used for spore staining. The spores were observed under the microscope using an oil immersion lens [7] .
For physiological characterization, the impact of various incubation temperatures (25, 37, and 45ºC) on bacterial growth was recorded by taking the optical density of 24-hour grown bacterial cultures in the presence and absence of chromium (K 2 CrO 4 500 µgml -1 ) using L-broth at 600 nm. The effect of media pH (i.e., 5, 6, 7, 8, 9) on bacterial growth was monitored for which the bacterial cultures were grown for 24 hours at 37ºC using L-broth in the presence and absence of chromium (K 2 CrO 4 500 µgml -1 ), and optical density was monitored at 600 nm. Bacterial isolates were also grown for varying times of incubation (0, 24, 48, 72, and 96 hours) at 37ºC using L-broth in the presence and absence of chromium (K 2 CrO 4 500 µgml -1 ), and their optical density (O.D.) was recorded at 600 nm. For inoculation of the bacterial cultures to investigate the effect of temperature, pH, and time of incubation, optical density of the bacterial cultures were adjusted to 10 6 to 10 7 CFU per ml, and these cultures were used for inoculation of the replicates. Three replicates for each treatment were taken. Bacterial isolates were also grown in the presence of various antibiotics discs [Clarithromycin (CLR), Cefobid (CFP), Trimethoprim (SXT), Fortum (CAZ), Rocephin (CRO), Cefazolin (CZ), and Pyopen (PY)], and various metals (Co, Mn, Hg, Fe, Cr, Co) (500 µgml -1 ) and growth of the isolates was recorded. These isolates were then identified using 16S rDNA sequencing and sequences obtained were searched for homology through BLAST and submitted to GenBank for accession numbers. Three isolates (i.e., EIV, 3a, and EIII) were used for the present study along with two already identified bacterial strains, i.e., Halomonas sp. (AST) and Arthrobacter mysorens (AHA) isolated by Ahmed [8] .
Plant-Microbe Interaction
Five chromium-resistant auxin-producing isolates (EIV, 3a, AST, AHA, and EIII) were used to inoculate Zea mays plants with and without the addition of chromium stress. The effect of bacterial cultures with and without chromium stress on the growth of the inoculated plants was observed by comparing various growth parameters with the non-treated plants. Certified seeds of Zea mays var. desi bharia were procured from Punjab Seed Corporation in Lahore, and were surface sterilized by treating them with a standard solution of 0.1% HgCl 2 for 5 to 6 minutes and washed several times with autoclaved deionized water. These sterilized seeds were treated with bacterial cultures after adjusting the optical density of cultures to 10 6 to 10 7 CFU ml -1 . For control treatment, seeds were treated with autoclaved distilled water for the same period of time.
The inoculated seeds of Zea mays var. desi bharia were uniformly spread on sterilized filter paper in autoclaved petriplates with the help of a sterilized forcep. Ten ml of chromium salt solution of varying concentrations (0, 100, 200, 400, 800, and 1,000 µg/ml) was supplied to each respectively labeled autoclaved petri-plate containing sterilized seeds. Petriplates were kept in the dark at 25+2ºC for three days. After germination, germinated seedlings were transferred to labelled pots, each containing 140 g sieved soil and chromium stress solution of varying concentrations (0, 100, 200, 400, 800, and 1,000 µg/ml) of chromium salt (K 2 CrO 4 ) was given to the respective labelled pots. Seven seeds were sown per pot in the laboratory experiment and three replicates were taken for each treatment. The pots were placed in light (10 K lux, 16 hours duration) at 25+2ºC. The soil used in the current experiment was natural garden soil. Properties of the soil such as pH, temperature, and electrical conductivity were recorded. For laboratory trial, seedlings were harvested from pots after 25-30 days of growth and growth parameters (i.e., shoot length, root length, number of leaves, and fresh weight) were recorded. For field trials, 7.3 kg natural garden soil was taken in pots. In the field experiment, five seeds were sown per pot and three replicates were used for each treatment. No fertilizers were added in both the laboratory and field experiments. The plants grown were harvested at maturity. Different growth parameters that were recorded for field trials include shoot length, leaf number of plants, and yield of the plants in terms of number of corn cobs. The biochemical parameters that were checked after field trials include auxin content, pigment content, and protein content, for which leaves of the treated and non-treated plants were taken. In both laboratory and field trials, shoot and root lengths were measured through the software Image J. Auxin, pigment, and protein contents were estimated by following Mahadevan [9] , Lichtenthaler and Wellburn [10] , and Lowry et al. [11] , respectively. 
Statistical Analysis
The data obtained was statistically analyzed using the SPSS software by applying Duncan's multiple range test.
Results
Screening and Characterization of ChromiumResistant Auxin-Producing Bacteria
Initially 17 bacterial strains (H1, 2ab, 3a, 2aa, 3b, 4aIII, IC, H2aIII, H2aI, H1aII, AR, EI, EII, EIII, ALa, EIV, and BL2) were isolated from contaminated soil, water, and plant samples ( Table 1) . On the basis of their auxin-production and chromium-resistance ability, three bacterial isolates (EIII, EIV, and 3a) were selected for the current study. Two already isolated, characterized, and identified chromium-resistant auxin-producing bacterial strains -Halomonas sp. (AST) and Arthrobacter mysorens (AHA) by Ahmed [8] , were also used for the current study. The selected isolates EIV, 3a, and EIII were characterized morphologically and physiologically. Two isolates, EIII and 3a, produced transparent colonies with entire margins, while colonies of Bacillus sp. (EIV) showed dentate margin and were opaque. The three isolates (i.e., EIV, 3a, and EIII) were gram-positive motile rods and were spore-formers. All five bacterial cultures have shown the highest growth at 37ºC after 24 hours incubation period in the absence and presence of chromium. However, in the presence of chromium stress (1,000 µg/ml), reduction in growth of all the bacterial strains was observed as compared to isolates grown in medium without chromium after 24 hours incubation. Better growth of the isolates was recorded in medium with neutral pH, but maximum growth was noted with alkaline pH. The isolates were grown in the presence of different antibiotic discs (Cefobid (CFP), Clarithromycin (CLR), Rocephin (CRO), Trimethoprim (SXT), Cefazolin (CZ), Fortum (CAZ), Pyopen (PY)). All the isolates were sensitive to the antibiotics Clarithromycin (CLR) and Trimethoprim (SXT) with varying inhibition zones except EIV and AST (Fig. 1) . The bacterial isolates were also grown in the presence of different metals in the growth medium. All five bacterial cultures were found to be resistant against Cu, Fe, Mn, and Cr, but were sensitive to the presence of Hg. One bacterial strain, i.e., EIII, was sensitive against Co, while the rest of the isolates showed resistance to Co. 16S rDNA sequencing of isolates EIV and 3a was carried out and the sequences obtained were submitted to GenBank. The isolate 3a has shown 98% similarity to Bacillus cereus with accession number KM409709, while the bacterial isolate EIV has shown 99% homology with Bacillus cereus and was given accession number KT025249 (Fig. 2 ).
Plant-Microbe Interaction
Plant-microbe interaction increases the growth of plants by reducing the toxic effects of chromium in chromium-contaminated sites. In order to study the effect of the bacterial isolates, Bacillus cereus (3a), Halomonas sp. (AST), Bacillus sp. (EIV), Arthrobacter mysorens (AHA), and EIII, to reduce chromium toxicity, Zea mays var. desi baharia was grown in the absence and presence of bacterial inoculum with and without chromium stresses (0, 100, 200, 400, 800, and 1000 µg/ml). Temperature, pH, and electrical conductivity of the soil used was recorded to be 29ºC, pH 8, and 0.71 mS -1 , respectively. Among the various elements, zinc (Zn), calcium (Ca), and iron (Fe) were found to be present in the soil used. In the laboratory experiment, shoot lengths of the plants inoculated with bacterial strains exhibited growth promotion over control treatment. Increases in shoot and root lengths were observed significantly with the inoculation of Bacillus cereus (3a) showing 19 and 29% enhancement in shoot and root lengths, respectively (Fig. 3) . Increases in chromium stress (K 2 CrO 4 ) from 100-1,000 µg/ml caused growth retardation in the shoot and root lengths of the plants due to the toxic effects of chromium (Fig. 3) .
Bacterial inoculation with the isolate EIII has shown 20 and 34% increments in shoot lengths under chromium stress of 800 and 1,000 µg/ml, respectively, over respective control. Similarly, under chromium stress of 1,000 µg/ml, enhancement in root length was observed with Halomonas sp. (AST) up to 23% over respective control. Bacterial inoculations with all the strains including Bacillus cereus (EIV), Arthrobacter mysorens (AHA), Bacillus sp. (3a), Halomonas sp. (AST), and EIII resulted in increases in the leaf number when compared with the control up to 13, 13, 13, 13, and 7%, respectively, under laboratory conditions (Fig. 4) . Under chromium stress of 200 µg/ml (K 2 CrO 4 ), an increase in the number of leaves was noted with inoculation of Halomonas sp. (AST), i.e., 23% over respective control treatment (Fig. 4) .
Bacterial treatment also improved fresh weight of the inoculated plants. Under chromium stress of 100 and 200 µg/ml (K 2 CrO 4 ), 20 and 15% increments in fresh weight of the treated plants were observed due to inoculation with Bacillus cereus (3a), respectively. Moreover, 10, 45, and 78% increases in fresh weight of the treated plants was recorded due to bacterial inoculation with Halomonas sp. (AST) under chromium stress of 400, 800, and 1,000 µg/ml (K 2 CrO 4 ) when compared with the respective control treatment (Fig. 4) . In the field experiment, shoot lengths of the plants were improved as a result of bacterial inoculations over non-inoculated control treatments. The highest increase in shoot length of the treated plants was noted with the bacterial isolate Halomonas sp. (AST), exhibiting a 49% increase in shoot length (Fig. 5) . Other isolates Bacillus cereus (EIV), Arthrobacter mysorens (AHA), Bacillus cereus (3a), and EIII showed 19, 34, 14, and 5% increases in length of shoots over control treatment without inoculation. Under chromium stress (K 2 CrO 4 ) ranging from 0-1,000 µg/ml, decreases in shoot length were observed showing the hazardous effects of chromium (Fig. 5) . In chromiumstressed soil with 800 and 1,000 µg/ml chromium stress, bacterial inoculation with the isolate Halomonas sp. (AST) showed 13 and 23% improvement in shoot length over respective control. Similarly, treatments with isolates Bacillus cereus (3a) and Arthrobacter mysorens (AHA) caused 33 and 11% improvement in shoot length over respective control in the presence of chromium stress of 1,000 µg/ml (Fig. 5) . Similarly, the number of leaves has been improved in treatment with isolates Bacillus cereus (EIV), Halomonas sp. (AST), Bacllus cereus (3a), Arthrobacter mysorens (AHA), and EIII over control treatment. Treatments with Bacillus cereus (3a) and Arthrobacter mysorens (AHA) have shown higher yield, showing up to 119 and 80% increases, respectively, over treatment (Fig. 6) . (100-1,000 µg/ml)] on shoot and root lengths (cm) of Zea mays under laboratory conditions. Data represent the mean of 21 replicates. Different letters indicate significant differences between treatments using Duncan's multiple range test (P = 0.05) (0 = without chromium stress; W.I. = without bacterial inoculation; EIII, EIV, 3a, AST, and AHA = bacterial isolates). (100-1,000 µg/ml)] on the number of leaves and fresh weight (g) of Zea mays under laboratory conditions. Data represent the mean of 21 replicates. Different letters indicate significant differences between treatments using Duncan's multiple range test (P = 0.05) (0 = without chromium stress; W.I. = without bacterial inoculation; EIII, EIV, 3a, AST, and AHA = bacterial isolates).
In the presence of stress of chromium from 100-400 µg/ml, increases in yield were recorded with Bacillus cereus (3a) and Arthrobacter mysorens (AHA), i.e., 100 and 63% (100 µg/ml), 99 and 82% (200 µg/ml), and (100-1,000 µg/ml)] on shoot length (cm) and number of leaves of Zea mays under field conditions. Data represent the mean of 15 replicates. Different letters indicate significant differences between treatments using Duncan's multiple range test (P = 0.05) (0 = without chromium stress; W.I. = without bacterial inoculation; EIII, EIV, 3a, AST, and AHA = bacterial isolates). Fig. 6 . Effects of bacterial inoculations without chromium stress [K 2 CrO 4 (0µg/ml)] and with chromium stress [K 2 CrO 4 (100-1,000 µg/ml)] on yield of Zea mays under field conditions. Data represent the mean of 15 replicates. Different letters indicate significant differences between treatments using Duncan's multiple range test (P = 0.05) (0 = without chromium stress; W.I. = without bacterial inoculation; EIII, EIV, 3a, AST, and AHA = bacterial isolates). replicates. Different letters indicate significant differences between treatments using Duncan's multiple range test (P = 0.05) (0 = without chromium stress; W.I. = without bacterial inoculation; EIII, EIV, 3a, AST, and AHA = bacterial isolates). control (Fig. 6) . Some biochemical parameters were also studied and it was observed that chlorophyll 'a' content of treated plants was improved by bacterial inoculation with the isolates Bacillus cereus (EIV), Halomonas sp. (AST), Bacillus cereus (3a), Arthrobacter mysorens (AHA), and EIII in comparison to the control treatment, i.e., up to 60, 40, 54, 46, and 78%, respectively, in the absence of chromium (Fig. 7) . The highest increase in the amount of chlorophyll 'b' was noted with Halomonas sp. (AST) treatment, which showed 41% increment in the amount of chlorophyll 'b' in the absence of chromium (Fig. 7) . Increases in the stress of chromium (K 2 CrO 4 ), such as 100-1,000 µg/ml, caused decreases in chlorophyll 'b' content showing the toxicity of chromium, which adversely affected chlorophyll 'b,' however, significant increases in chlorophyll 'b' content were recorded as a result of bacterial inoculation with isolate EIII in the presence of chromium stresses, i.e., 100, 200, 400, 800, and 1,000 µg/ml with 17, 39, 10, 14, and 212% respective increases as compared to control.
Bacterial inoculation with Bacillus cereus (EIV), Halomonas sp. (AST), Bacillus cereus (3a), Arthrobacter mysorens (AHA), and EIII resulted in significant increases in carotenoid content of the plants up to 35, 31, 34, 30, and 45%, respectively, over non-inoculated plants. Under chromium stress of 100, 200, 400, 800, and 1,000 µg/ml, treatment of the plants with bacterial isolate Bacillus cereus (3a) has shown 2, 6, 10, 118, and 69% significant increases, respectively, in carotenoid content when compared with the non-treated plants (Fig.  7) . Increases in chromium concentration from 100, 200, 400, 800, and 1,000 µg/ml resulted in a reduction of auxin content of treated plants over control. Without chromium stress, treatment with the bacterial strains Bacillus cereus (EIV), Halomonas sp. (AST), Bacillus cereus (3a), Arthrobacter mysorens (AHA), and EIII have shown significant increments up to 56, 34, 48, 35, and 161% in auxin content, respectively, with respect to control (Fig. 8) .
The application of isolates on Zea mays elevated the protein content of the treated plants. Significant enhancement in protein content was recorded with bacterial strain Bacillus cereus (3a) showing a 306% increase over control (Fig. 8) . Increase in the concentration of chromium (K 2 CrO 4 ) from 100-1,000 µg/ml caused a reduction in protein content of inoculated plants. The bacterial isolate Bacillus cereus (3a) significantly increased protein content as compared to non-treated control treatment under chromium stress (0-1,000 µg/ml; Fig. 8 ).
Discussion
For effective microbe-assisted bioremediation, it is important to characterize and identify metal-resistant bacteria having plant growth-promoting characteristics that may facilitate plant growth and may reduce the toxic impact of metal stress on plant development. It has been observed in recent years that inoculation of heavy metalresistant plant growth-promoting bacteria can improve plant growth under artificially metal-contaminated soils due to their microbial activities in the rhizosphere. In the current work, the effect of bacterial isolates Bacillus cereus (3a), Halomonas sp. (AST), Bacillus cereus (EIV), Arthrobacter mysorens (AHA), and EIII on growth improvement of Zea mays was studied with and without chromium stress. In the laboratory experiment, significant improvement in shoot length was recorded in treatments with Bacillus cereus (3a), i.e., 19% as compared to non-inoculated control treatment without chromium stress (Fig. 3) . Plant growth-promoting bacteria probably induce the development of roots by modulating plant endogenous mechanisms that regulate root growth. Improvements in plant root development resulted in enhanced nutrient uptake, thereby also causing an increase in shoot length of the treated plants.
In chromium-stressed soils ranging from 100-1,000 µg/ml, decreases in shoot length were recorded due to Fig. 8 . Effects of bacterial inoculations without chromium stress [K 2 CrO 4 (0µg/ml)] and with chromium stress [K 2 CrO 4 (100-1,000 µg/ml)] on auxin and protein content (µg/g) of Zea mays. Data represent the mean of 15 replicates. Different letters indicate significant differences between treatments using Duncan's multiple range test (P = 0.05) (0 = without chromium stress; W.I. = without bacterial inoculation; EIII, EIV, 3a, AST, and AHA = bacterial isolates). chromium toxicity, but bacterial inoculations have shown significant improvement in the shoot and root lengths as compared to control at high chromium stresses, for instance the bacterial strains Arthrobacter mysorens (AHA) and EIII, which caused significant increases in shoot lengths up to 22 and 34%, respectively, over control (Fig. 4) . In the field experiment, significant improvement of 34 and 49% in shoot length was recorded as a result of inoculation with Arthrobacter mysorens (AHA) and Halomonas sp. (AST) over control in the absence of chromium stress (Fig. 5) . Under chromium stress, i.e., 1,000 µg/ml, Bacillus cereus (3a) caused shoot enhancement up to 33% compared to control. Reactive oxygen species (ROS) potentially enhance differentiation by stopping the cellular processes of the cell cycle and by modifying cell walls of the plants to allow cell expansion. Thus, plant growth-promoting rhizobacteria may change ROS balance within the roots, which result in alterations in growth and developmental changes [12] . Plant growthpromoting bacteria with Cr(VI) reducing-potential have contributed not only to reducing chromium toxicity but also to enhancing plant biomass in chromium-stressed soils. Under field conditions, significant enhancement in the number of leaves was studied. Bacterial isolates Bacillus cereus (3a), Arthrobacter mysorens (AHA), and EIII promoted growth with a significant increase in leaf number without the addition of chromium stress (Fig. 5) . In chromium-stressed soils, the reduction in leaf number indicates that these growth traits can serve as suitable bio-indicators against heavy metal pollution and in the selection of resistant species. Increases in fresh weight (i.e., 30 and 22%) were recorded in treatment with bacterial strains Halomonas sp. (AST) and Bacillus cereus (3a), respectively.
Many physiological as well as biochemical processes are severely affected due to the toxic nature of heavy metal pollution and as a result, yield and productivity of the corn cobs are equally affected. Bacterial inoculations caused increments in corn yield. In a chromium-free environment, Arthrobacter mysorens (AHA) resulted in 33% improvement in the yield (Fig. 6) . At chromium stresses of 800 and 1,000 µg/ml, the toxicity of chromium was very high -restricting the growth of the plants as well as the number of corn cobs produced in experimental as well as control treatments. Ravari and Heidarzadeh [13] have also observed enhancements in yields of wheat plants treated with Bacillus sp. Other scientists have also noted augmentation in the growth of Cucumis sativus by inoculation with bacteria having growth stimulation potential [14] . The role of such beneficial bacteria in growth proliferation has been reported by other scientists and results show that various root exudates having physical and chemical properties are involved in such growth enhancements [15] . In the present study, corn plants inoculated with growth-promoting bacteria have shown better adaptation while growing in chromium-stressed soils, which may be due to the activity of these microscopic entities that cause changes in plant metabolic pathways, e.g., enhanced proliferation in roots resulting in improved nutrient uptake and increased bacterial siderophore production, etc., in which case they become more tolerant to chromium stress.
The photosynthetic pigments of treated plants were also analysed to evaluate the impact of bacterial inoculations on plant growth. The photosynthetic mechanism is highly affected due to metal toxicity, which may induce biochemical changes, i.e., closure of stomata and intercellular spaces. These changes are induced due to alterations in chloroplast structure [16] . Due to physiological changes in plant cells, i.e., CO 2 fixation, electron transport, photophosphorylation, and enzyme activities, etc., the amount of photosynthetic pigments is decreased in chromium-stressed soils. However, chromium-tolerant plant growth-promoting bacteria seem to reduce the toxic effect of Cr-contamination resulting in improvement of chlorophyll 'a,' chlorophyll 'b,' and carotenoid content of the treated plants. Without chromium stress the bacterial strains Bacillus cereus (3a) and EIII caused significant enhancement in the amount of chlorophyll 'a' with 60 and 78% increases, respectively, over control. In chromium-stressed soils ranging from 100, 200, 400, 800, and 1,000 µg/ml, significant improvement in chlorophyll 'a' was observed in treatment with Bacillus cereus (EIV) over control (Fig. 7) . Chlorophyll 'b' was also significantly increased up to 41% as a result of treatment with Halomonas sp. and Bacillus cereus (3a), respectively, over control without chromium stress. In the presence of chromium stress of 1,000 µg/ml, EIII significantly improved chlorophyll 'b' content up to 212% as compared to respective control. Carotenoid content was also enhanced by bacterial inoculations up to 34 and 45% increases with bacterial strains Bacillus cereus (3a) and EIII, respectively, in comparison to non-inoculated treatment (Fig. 7) . Bacterial isolates Bacillus cereus (3a) and EIII showed significant enhancement in the auxin content over respective control without the addition of chromium stress with 48 and 161% improvement, respectively.
The amount of auxin produced by bacteria having growth stimulation potential has been shown to correlate with the ability to improve plant growth for several bacterial species and isolates from the rhizosphere. The cellular metabolic pathways of such bacterial species regarding enhancement in root systems are generally accompanied by induced changes in plant endogenous responses. Since several bacteria having growth stimulation potential have been shown to produce these growth hormones, it is interesting to suggest that these changes may be induced by these hormones directly. This was probably due to the inhibition of ethylene production in the roots by the activity of ACC deaminase that utilizes the NH 3 evolved from ACC as a source of nitrogen and thereby decreased ACC in the plants [17] . In the presence of chromium stress of 1,000 µg/ml, treatments with Halomonas sp. (AST) showed maximum increase in auxin content of the treated plants, i.e., 182% as compared to the respective control treatment (Fig. 8) . Bacterial inoculations also caused significant enhancement in protein content, i.e., Halomonas sp. (AST) and Bacillus cereus (3a) exhibited 74 and 306% increments, respectively, with control in the absence and presence of chromium (Fig. 8) . Other workers have also reported improvements in biochemical parameters of treated plants such as chlorophyll content and auxin content, etc. [18] . Growth improvement in inoculated corn plants with reference to various growth and biochemical parameters suggested that these chromiumresistant auxin-producing isolates can be used as natural tools for bioremediation and plant growth improvement in chromium-contaminated areas.
Conclusion
The results of this study have shown that bioremediation potential of the selected bacterial cultures is a promising approach. These bacterial isolates were resistant against chromium and have the ability to produce auxin. This approach has been helpful in reducing the hazardous effects of chromium, thereby enhancing plant growth by affecting different growth and biochemical parameters of the inoculated treatments when compared with the noninoculated treatments. Overall significant improvements were obtained in various parameters by treatment with the isolates Bacillus cereus (3a) and Halomonas sp. (AST) in reducing chromium toxicity over control. Thus these isolates can be utilized effectively for bioremediation of contaminated soils as a cost-effective natural approach for lowering chromium toxicity in plants in comparison with synthetic methods that are expensive and hazardous.
